Archaeal and eukaryotic organisms contain sets of C/D box s(no)RNAs with guide sequences that determine ribose 2'-O-methylation sites of target RNAs. The composition of these C/D box sRNA sets is highly variable between organisms and results in varying RNA modification patterns which are important for ribosomal RNA folding and stability. Little is known about the genomic organization of C/D box sRNA genes in archaea. Here, we aimed to obtain first insights into the biogenesis of these archaeal C/D box sRNAs and analyzed the genetic context of more than 300 archaeal sRNA genes. We found that the majority of these genes do not possess independent promoters but are rather located at positions that allow for co-transcription with neighboring genes and their start or stop codons were frequently incorporated into the conserved boxC and D motifs. The biogenesis of plasmidencoded C/D box sRNA variants was analyzed in vivo in Sulfolobus acidocaldarius. It was found that C/D box sRNA maturation occurs independent of their genetic context and relies solely on the presence of intact RNA kink-turn structures. The observed plasticity of C/D box sRNA biogenesis is suggested to enable their accelerated evolution and, consequently, allow for adjustments of the RNA modification landscape.
Introduction 3 are transcribed from independent RNA polymerase II (or, less frequently, RNA polymerase III) promoters as mono-or polycistronic transcripts. In plants, C/D box snoRNA genes exist almost exclusively as polycistronic clusters (Li et al., 2005 , Liang et al., 2002 , Brown et al., 2003 , Dieci et al., 2009 , Leader et al., 1997 . Additionally, dicistronic tRNA-C/D box snoRNA genes are reported for plants (Kruszka et al., 2003 , Barbezier et al., 2009 . In vertebrates, only few genes are transcribed from independent promoters. In these organisms, most of the genes are located within introns of protein-coding and non-protein-coding genes. Usually, individual C/D box snoRNA genes are found in introns, but polycistrons were also found to exist (Weber, 2006 , Tycowski et al., 2004 , Leader et al., 1994 , Pelczar & Filipowicz, 1998 . Endo-and exoribonucleases are involved in the maturation of polycistronic C/D box snoRNA transcripts or intron-encoded C/D box snoRNAs. In yeast, polycistronic snoRNAs are flanked by sequences that form short hairpin structures and that are recognized by the RNaseIII-like endoribonuclease Rnt1 (Chanfreau et al., 1998b , Chanfreau et al., 1998a . Further trimming of the 5' and 3' ends occurs by 5'-3' and 3'-5' exoribonucleases that are not specific for the maturation of snoRNAs (Rat1, Xrn1; exosome) (Allmang et al., 1999 , Petfalski et al., 1998 , Qu et al., 1999 . Intron-encoded C/D box snoRNAs are matured by two different pathways of which one is splicing-dependent and the other is splicing-independent (Brown et al., 2008) . Predominantly, C/D box snoRNAs are processed from debranched introns by exoribonuclease activities (Villa et al., 1998 , Kiss & Filipowicz, 1995 . Additionally, mature C/D box snoRNAs are produced by the action of endoribonucleases that cleave in the intronic sequences up-and downstream of the C/D box snoRNA and further trimming occurs by exoribonucleases. The second pathway seems to be important for snoRNA processing from introns in plants and yeast (Leader et al., 1999 , Villa et al., 1998 .
In archaea, C/D box sRNA genes are most often located in intergenic regions or overlap with the 5' or 3' end of flanking open reading frames (ORFs) (Randau, 2012 , Gaspin et al., 2000 , Weisel et al., 2010 , Dennis et al., 2001 . Similar to eukaryotes, few polycistronic C/D box sRNA transcripts are described.
In Pyrococcus furiosus, two clusters with two C/D box sRNA genes can be observed and in Sulfolobus solfataricus, one cluster of two C/D box sRNA genes exists (Gaspin et al., 2000 , Dennis et al., 2001 ).
Additionally, dicistronic tRNA-C/D box sRNA transcripts are reported and C/D box sRNAs can be found in the intron of pre-tRNA Trp in several euryarchaeal organisms (Singh et al., 2004 , Clouet d'Orval et al., 2001 . A peculiar feature of C/D box sRNA maturation is the occurrence of circular archaeal C/D box sRNAs that are present in addition to linear molecules (Danan et al., 2012 , Starostina et al., 2004 , Su et al., 2013 , Randau, 2012 .
In this study, we analyzed the localization and genomic context of C/D box sRNA genes in six archaeal model organisms. Co-transcriptional arrangements were identified which eliminate the need for independent promoters. Many C/D box sRNAs were found to overlap with flanking ORFs and C/D box 4 sRNA sequences can create 5' or 3'-UTRs. The effects of these C/D box sRNA gene fusions were tested in a reporter assay. Additionally, C/D box sRNA variants were analyzed in vivo in Sulfolobus acidocaldarius and revealed that the maturation of C/D box sRNAs occurs independent of the genetic context and relies solely on the integrity of the internal k-turn/k-loop elements.
Results

Promoter identification and genetic context of archaeal C/D box sRNA genes
In previous studies, C/D box sRNA genes did often not reveal independent promoters that are characterized by a TATA-box sequence in a distance of -26 +/-3 bp upstream of the transcription start site (Starostina et al., 2004 , Soppa, 1999 , Randau, 2012 . We recently described abundant C/D box sRNA production in six archaeal model organisms (Methanococcus maripaludis, Nanoarchaeum equitans, S. acidocaldarius, Thermoproteus tenax, Methanopyrus kandleri, Ignicoccus hospitalis) (Richter et al., 2012 , Randau, 2012 , Dennis et al., 2015 , Plagens et al., 2014 , Su et al., 2013 . These data were utilized to analyze the genetic context of more than 300 identified C/D box sRNA genes and to search for promoters or conserved elements in their vicinity. The 50 nt upstream region of all C/D box sRNA genes was computationally screened for the presence of conserved motifs with a length of 6-15 nt. Three different conserved sequences were identified. These motifs all resemble TATA-box motifs and suggest the presence of promoters. However, only a minority of about 20 % of the C/D box sRNA genes were found to possess these elements within the analyzed 50 nt upstream region ( Fig. 1 ; Table S2 ). Thus, the majority of C/D box sRNA genes do not contain promoters that would facilitate primary C/D box sRNA transcript production. Subsequently, the genetic context of the C/D box sRNA genes was analyzed to search for co-transcriptional arrangements. Strikingly, more than a quarter of the C/D box sRNA genes overlaps with the 3' end of flanking ORFs ( Fig. 2A, B ). These locations imply that extended transcripts exist and that the neighboring genes possess a 3'-UTR. The stop codons of the upstream genes are usually found within the C/D box sRNA sequences. In nearly half of the cases, the stop codons are situated within the boxC motif, but they can be also situated in the boxD', boxC' or boxD motifs (Fig. 2C ). It should be noted, that the stop codon sequence "UGA" makes up most of the conserved boxC and boxD sequences and can evolve into a k-turn element with few nucleotide changes. In fewer cases, stop codons can be found within guide sequences, in the sequence between the boxC' and boxD' motif or in the sequence upstream of the boxC motif of the C/D box sRNAs. Some of these stop codon positions result in the occurrence of one or both guide
regions within the open reading frame of the adjacent gene.
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Only 7 % of the analyzed C/D box sRNA genes were found to overlap with the 5' end of flanking ORFs (Fig. 2B ). The position of C/D box sRNA genes at the 5' end of flanking ORFs suggests that the transcripts of the adjacent genes possess a 5'-UTR. C/D box sRNAs that overlap with the 5' end of the flanking protein-coding regions contain the start codon of the coding region within their sequence.
Most start codons are situated in the guide sequence or in the sequence downstream of the boxD motif (Fig. 2D) . Additionally, the start codons can be found within all box motifs. The presence of this codon in the boxC, boxC' or boxD' motif, results in scenarios in which one or both guide sequences of the C/D box sRNAs are part of the neighboring coding region.
Another frequently observed organization of C/D box sRNA genes are clusters of two or three C/D box sRNA genes, suggesting their polycistronic transcription (Fig. 2B ). This arrangement can be found % of the S. acidocaldarius transcripts are leaderless, i.e. they lack a 5'-UTR (Brenneis et al., 2007 , Slupska et al., 2001 . However, several longer 5'-UTRs exist and approximately 6 % of the transcripts possess 5'-UTRs that are larger than 20 nucleotides (Wurtzel et al., 2010) .
Influence of C/D box sRNA sequences in the UTRs of adjacent genes
We investigated the effect of C/D box sRNA sequences in UTRs of fused genes. Therefore, plasmid- Six S. acidocaldarius C/D box sRNA genes with a natural genomic localization upstream of proteincoding genes with 0 to 11 nt linkers were fused to the 5' end of lacS. Original linker sequences were maintained. A strong reduction of enzyme activity was observed in all cases in comparison to a lacS control without fused C/D box sRNA (Fig. 4A ). For five of the six constructs, the enzyme activity was less than 20 % of the lacS control activity. Quantitative real-time PCR (qRT-PCR) analyses revealed that this loss of activity correlates with a reduced number of lacS fusion transcripts (Fig. S1 ).
In addition, four C/D box sRNA genes were investigated that are located at the 3' end of neighboring genes. The C/D box sRNA Sac-sR24 gene is located directly downstream and the Sac-sR106 gene is separated by 6 nts from a neighboring gene. Two C/D box sRNA genes, Sac-sR2 and Sac-sR101, show a 9 nt overlap with protein-coding genes. In these cases, some nucleotides were exchanged at the terminus of lacS to accommodate the C/D box sRNA sequence. To exclude that these changes affect β-galactosidase activity, lacS controls without C/D box sRNA fusions were designed with identical nucleotide changes. Reporter assays revealed that these mutations have a minimal effect on activity.
The presence of C/D box sRNAs in the 3'-UTRs was found to cause either neutral or negative effects on β-galactosidase activity. However, the reduction of activity was not as drastic as the one observed 7 for C/D box sRNA sequences in 5'-UTRs (Fig. 4B ). Again, qRT-PCR analyses showed that this loss of activity correlates with reduced amounts of lacS fusion transcripts (Fig. S1 ).
In summary, these reporter assays suggest that C/D box sRNA gene sequences do not provide a benefit for their co-transcribed genes and 3'-terminal fusion appears to be less harmful. These observations are in agreement with the identified enrichment of C/D box sRNAs in 3'-UTRs and the predominance of fusions with genes whose annotation does not suggest essentiality.
Determination of C/D box sRNA maturation requirements
Archaeal C/D box sRNAs were found to be transcribed in operons or in UTRs of protein-coding genes.
Therefore, we aimed to determine the sequence elements required for the maturation of individual, functional C/D box sRNAs. The 5' and 3' ends of C/D box sRNAs show a length heterogeneity of several nucleotides, suggesting exoribonucleolytic trimming (Dennis et al., 2015) . We designed an assay that follows the production of a plasmid-encoded synthetic C/D box sRNA (based on Sac-sR121) Total RNA was isolated from S. acidocaldarius cells harboring the C/D box sRNA Sac-sR121* in vivo constructs and a 16 nt long LNA probe was used to hybridize with the boxC sequence and the artificial guide sequence. These Northern Blot analyses revealed that a TATA-box in the native 50 bp upstream region is recognized and promotes transcription (Fig. 5B) . Therefore, the TATA-box sequence was exchanged against a GC-containing sequence to facilitate utilization of an inducible promoter that generates a single transcription start site (Fig. 5A ).
Northern blot experiments revealed a single band corresponding to the size of a mature C/D box sRNA. Inverse RT-PCR analyses and sequencing of the amplified products was used to verify maturation of C/D box Sac-sR121* and also revealed the existence of circular molecules. Circular C/D box sRNA versions were previously observed in several archaeal model organisms, but their role is not known (Table S1 ) (Danan et al., 2012 , Starostina et al., 2004 , Su et al., 2013 , Randau, 2012 . The sequencing result highlights that extra sequences upstream of the C/D box sRNA (created by the transcription start site of the inducible promoter) were removed. The 3' terminus might have been defined by termination at the C/D box sRNA 3' end or generated via the trimming of longer 8 transcripts. To test this option, the downstream region was exchanged against a sequence that is able to form a stable RNA hairpin. Only in this construct a longer transcript is detected in the Northern Blot analysis, which argues that precursor transcripts extend beyond the C/D box sRNA end and that the introduced hairpin protects precursors from exoribonucleolytic degradation.
Additionally, minor amounts of mature C/D box sRNA transcripts were detected, which likely represent the instability of the unprotected ssRNA between the C/D box sRNA and the hairpin (Fig.   5B ).
Next, we assayed if upstream and downstream sequences contain motifs that are required for efficient C/D box sRNA processing. Interestingly, completely randomized 50 bp upstream and downstream sequences still yielded a defined mature C/D box sRNA Sac-sR121* product (Fig. 5B ).
This observation is in agreement with the lack of conserved sequence elements in the vicinity of native C/D box sRNA genes. Therefore, we asked what is needed to generate the defined length of a functional C/D box sRNA and argue that any signal would need to be located within the boxC/C' or boxD/D' motifs or the k-turn/k-loop structures as these are the only sequences and structures that are conserved within all C/D box sRNAs. Mutations were introduced into these conserved sequences and the production of Sac-sR121* variants with altered k-turn/k-loop structures was assayed via Northern blot. It was found that all C/D box sRNA Sac-sR121* constructs harboring either single boxD mutations or mutations of the two GA base pairs involved in k-loop formation do not show any signal in the Northern blot analyses (Fig. 5C ). The only mutations that were not detrimental disrupt the Watson-Crick base pair or the mismatch base pair involved in k-loop formation and show mature C/D box sRNA transcripts (Fig. 5C ). The acceptance of variations in the boxC' and boxD' motifs that are involved in k-loop formation fits to the observed higher degree of conservation of boxC and boxD elements among the 61 S. acidocaldarius C/D box sRNAs. However, the nucleotides of the boxC' and boxD' motifs that form the two GA base pairs in the k-loop are also highly conserved (Dennis et al., 2015) . Northern Blot signals were not observed for C/D box sRNA Sac-sR121* k-turn mutants and GA base pair mutants of the k-loop, which might indicate that k-turn and k-loop formation is crucial for C/D box sRNA stability. Mutations of the k-loop and k-turn abolish L7Ae binding which prevents the formation of the active ribonucleoprotein complex stabilizing the internal C/D box sRNA. It is possible that k-loop mutations are more likely to be tolerated due to the closer proximity of boxC' and boxD' motifs in the primary sequence.
In summary, only the presence of the conserved internal box sequences was found to be required for the generation of mature Sac-sR121* and potential endoribonuclease cleavage signals were not detected in surrounding sequences. This scenario allows for the observed highly variable genetic context of C/D box sRNA genes and enables them to "hijack" external promoters in co-transcriptional arrangements.
9 Discussion C/D box sRNAs are highly abundant in thermophilic archaea and diverse sets of C/D box sRNA molecules guarantee extensive RNA modification patterns required for the folding and stabilization of RNA molecules. Detailed analyses of the genetic context of the C/D box sRNA genes revealed that most of them do not exhibit promoters for primary transcript production but are rather cotranscribed as parts of 5'-or 3'-UTRs of adjacent genes. Most archaeal transcripts are leaderless and lack a 5'-UTR (Slupska et al., 2001 , Brenneis et al., 2007 , Wurtzel et al., 2010 , Cohen et al., 2016 . The effect of C/D box sRNAs within UTRs on the expression of the neighboring genes is not clear. Artificial 5' UTRs with random sequences were tested in a reporter assay in Haloferax volcanii. Translational efficiencies of the transcripts were similar or higher as the leaderless control (Brenneis et al., 2007) .
In contrast, L7Ae binding to k-turns in the 5' UTR was used as translational block in eukaryotes (Saito et al., 2010) . Similarly, our C/D box sRNA-reporter gene fusions revealed that C/D box sRNA genes that were fused to the 5' end of the reporter gene negatively influence expression and enzyme activity. Thus, these cases suggest a scenario of selfish C/D box sRNA genes that "hijack" a promoter which ensures their transcription at the expense of the downstream genes. Most archaeal C/D box sRNA genes were found to be fused to the 3' terminus of upstream genes. We hypothesized that these fusions could provide a stabilizing effect on the attached mRNA but reporter assays revealed a identified computationally in the vicinity of some C/D box sRNA genes (Berkemer et al., 2015) . Our results indicate that C/D box maturation is feasible without the presence of splicing endonuclease motifs. Instead, precursor-processing by unspecific exoribonucleases is plausible, which highlights that the archaeal C/D box sRNA processing pathway is similar to eukaryotic C/D box snoRNA biogenesis (Fig. 6) . The maturation and final trimming of eukaryotic snoRNAs includes the activity of exoribonucleases (Allmang et al., 1999 , Petfalski et al., 1998 , Qu et al., 1999 . However, the 5'-3' exoribonucleases that were identified e.g. in yeast cannot be identified in archaea (Hasenohrl et al., 2011) . Archaeal homologues of the bacterial RNaseJ family, exhibiting 5'-3' exoribonucleolytic activity, were identified, but their involvement in C/D box sRNA maturation has not been proven (Hasenohrl et al., 2011 , Clouet-d'Orval et al., 2010 , Clouet-d'Orval et al., 2015 , Martens et al., 2013 .
The processing of the 3' end of eukaryotic C/D box snoRNA involves exosome activity, which would also be plausible for archaeal C/D box sRNA maturation (Mitchell et al., 1996 , Mitchell et al., 1997 , Allmang et al., 1999 .
Exoribonucleolytic trimming of C/D box sRNA precursors requires protection of the functional sequence from degradation. Our results underline that the integrity of the k-turn structure is crucial for C/D box sRNA maintenance in S. acidocaldarius. In contrast, the consensus sequence of the boxC'
and boxD' motifs of the k-loop structure is more relaxed and only the two sheared GA base pairs were found to be crucial. This is in agreement with their previously observed importance for k-loopmediated L7Ae binding (Nolivos et al., 2005) . Elegant in vitro C/D box sRNP in vitro assembly approaches revealed that the C/D box sRNA internal loop is crucial for the formation of native dimeric complexes (Bleichert et al., 2009 , Bower-Phipps et al., 2012 , Lin et al., 2011 , Lapinaite et al., 2013 , Yip et al., 2016 .
The binding of L7Ae to the k-turn should be crucial for protecting the 5' and 3' ends of the RNAs.
Circularization of C/D box sRNAs was described for several archaea and it was postulated that this represents an additional protection mechanism for 5' and 3' ends as archaeal C/D box sRNAs often lack the terminal stem that is typical for eukaryotic C/D box snoRNAs (Omer et al., 2000 , Su et al., 2013 , Randau, 2012 , Gaspin et al., 2000 , Starostina et al., 2004 . It was shown for eukaryotic snoRNAs that the snoRNP proteins associate with the snoRNA before processing occurs and therefore constitute a processing barrier (Caffarelli et al., 1996 , Matera et al., 2007 . We hypothesize that a similar mechanism exists for archaeal C/D box sRNAs that prevents overtrimming of the termini (Fig. 6 ).
In conclusion, our results highlight the transcriptional plasticity of C/D box sRNA genes that is accompanied by a C/D box sRNA maturation pathway that is solely dependent on internal RNA binding signals. These features allow for the accelerated evolution of C/D box sRNA genes which can take advantage of the incorporation of existing stop codons in their conserved box sequences.
Consequently, the RNA modification landscape of an archaeal population can adapt fast to environmental challenges.
Experimental procedures
Strains and growth conditions
Sulfolobus acidocaldarius MW001 and strains containing the constructed plasmids were grown aerobically in Brock media (Brock et al., 1972 ) with a pH of 3.5 at 75°C as described (Wagner et al., 2012) . The media were supplemented with 0.1 % (w/v) tryptone as well as 0.2 % (w/v) sucrose for normal growth or 0.2 % (w/v) dextrin for induction of the maltodextrin (mal) promoter. The growth of the cells was monitored by measurement of the optical density at 600 nm. Cell harvesting for total RNA preparations and ONPG-assays was performed at OD 0.4-0.6. For solid media the medium was supplemented with 1.2 % gelrite.
Escherichia coli DH5α and ER1821 bearing the plasmid pM.EsaBC4I were used for cloning and methylation of plasmid DNA. The strains were grown in Lysogeny broth medium supplemented with the appropriate antibiotics at 37°C and 200 rpm.
Plasmid construction and transformation
To obtain strains overexpressing C/D box sRNA gene variants and C/D box sRNA-lacS fusions, the plasmid pSVA1431, containing a maltose inducible promoter, was utilized. This plasmid is described as pCmalLacS in Berkner et al. 2010 (Berkner et al., 2010 but the distance between the TATA box and the transcription start site is 2 bp shorter in pSVA1431 (Sonja-Verena Albers, Albert-LudwigsUniversity Freiburg, personal communication). All constructs were cloned behind the mal promoter via the NcoI and EagI restriction sites (Table S1 ). For C/D box sRNA fusions to the 5' end of lacS, the NcoI restriction site was exchanged to a KasI restriction site in the plasmid to prevent an artificial translation start by the 'ATG' from the NcoI restriction site. Methylated plasmids were electroporated into competent S. acidocaldarius MW001 cells using the Gene Pulser ® Electroporation System (BioRad) with the input parameters 1500 V, 600 Ω, 25 μF (Wagner et al., 2012) .
Prediction of transcription initiation signals
The 50 nt upstream sequences of 343 C/D box sRNA genes from six archaea were analyzed for conserved sequences and structures. The C/D box sRNAs were identified in RNA-Seq analyses in previous studies (Table S2 ) (Richter et al., 2012 , Randau, 2012 , Plagens et al., 2014 , Su et al., 2013 , Dennis et al., 2015 . To check for sequence conservation, sequences were clustered into related families based on a similarity matrix using Markov clustering with reasonable cutoff (80 %) (Enright et al., 2002) . Afterwards, multiple sequence alignments were generated using MAFFT (Katoh et al., 2002) and regions with at least 85 % sequence conservation and a length of 6 to 15 nucleotides were extracted. Finally, sequence logos were generated using WebLogo (Crooks et al., 2004) . For the identification of conserved structure motifs hierarchical cluster trees were generated using RNAclust which reflected sequence and structure similarity which was given by LocARNA . For each node in the cluster tree consensus structures were searched.
RT-PCR analyses
Reverse (Table S1 ).
Inverse RT-PCR was performed to determine the sequences of the synthetic C/D box sRNAs as a fraction of archaeal C/D box sRNAs always exists in a circular variant (Su et al., 2013 , Danan et al., 2012 , Starostina et al., 2004 . Total RNA was isolated using the TRIzol reagent (Life Technologies) and 1 μg of the total RNA preparation was used for the reverse transcription reaction with gene specific primers (Table S1 ) and Superscript III reverse transcriptase (Life Technologies) according to the manufacturer's instruction. PCR amplification was performed with Taq polymerase and outwardfacing C/D box sRNA gene-specific primers. The amplification products were cloned with the Topo ® TA cloning kit (Thermo Fisher Scientific) and sequenced.
Northern blot analyses
Total RNA was isolated using the TRIzol reagent (Life Technologies) according to the manufacturer's instruction. Electrophoresis of 10 μg of total RNA was performed in 8 % denaturing polyacrylamide 13 gels. A semi dry electrophoretic transfer system was used to transfer the RNA onto a positively charged nylon membrane. The RNA was immobilized by UV crosslinking to the membrane. Prehybridization was performed in DIG Easy Hyb buffer (Roche) for 30 min at 42°C and subsequently hybridization was achieved over night at 42°C with radiolabeled probes complementary to the designed guide region and native C/D box sRNAs, respectively (Table S1 ). The membrane was washed two times (2xSSC, 0.1 % SDS and 1xSSC, 0.1 % SDS) and the detection of radioactivity was carried out by phosphorimaging.
β-galactosidase assays with ONPG
The β-galactosidase activity was determined as described (Wagner et al., 2012) . Briefly, 2 ml of the S.
acidocaldarius cultures were resuspended in Z-buffer (10 mM KCl, 1 mM MgSO 4 , 60 mM Na 2 HPO 4 , 40 mM NaH 2 PO 4 [pH 7]) containing 1 mM PMSF and 0.5 % Triton X-100 to an OD 600nm of 3.2. The β-galactosidase enzymatic activity was measured at 42°C in a 200 μl reaction which consisted of 170 μl Z-buffer, 20 μl cell suspension and 10 μl ONPG solution (12 mg ONPG in 1 ml Z-buffer). The ONPG hydrolysis was measured at 410 nm for 3 h in 5 min intervals in a microplate reader. Additionally, the protein concentration was determined using the Bio-Rad protein assay based on the Bradford protein quantitation method (Bradford, 1976) according to the manufacturer's instructions and a calibration curve created with bovine serum albumine (BSA) dilutions.
For the quantification of the β-galactosidase activity the following equation was used (Miller, 1972 , Wagner et al., 2014 : ‫ݎ݈݈݁݅ܯ‬ = 60,000*൫A410ሺt2-t1ሻ-autolysis A410ሺt2-t1ሻ൯*7 ‫݁݉݅ݐ‬ ሺ‫ݏ‬ሻ * ‫݁݉ݑ݈ݒ‬ ‫݂‬ ‫ݐ‬ℎ݁ ‫݈݁݉ܽݏ‬ ሺ݈݉ሻ * ‫݊݅݁ݐݎ‬ ‫݊݅ݐܽݎݐ݊݁ܿ݊ܿ‬ ሺ݉݃/݈݉ሻ
Quantitative RT-PCR
Total RNA of was isolated using the TRIzol reagent (Life Technologies) and treated with DNaseI (Thermo Fisher Scientific) following the manufacturer's instructions. 1 μg of DNaseI-treated RNA was reverse transcribed using random hexamer primers and Superscript III reverse transcriptase (Life Technologies) using the manufacturer's instruction. Real-time qPCR was carried out in a Bio-Rad CFX Connect Real-Time System and each reaction contained 10 μl iQ SYBR Green Supermix (Bio-Rad), 100 nM of two specific primers (see Table S1 ) and cDNA equivalent to 10 ng total RNA in a total volume of 20 μl. The amplification protocol includes an initial denaturation step at 95°C for 3 min, 40 cycles of 95°C for 15 s, 60°C for 20 s, 72°C for 20 s and a final denaturation step at 95°C for 15 s. A melting curve analysis demonstrated the absence of primer-dimer formation. The assays were performed 14 with biological duplicates, technical duplicates, a no-template control and no-RT controls. The expression of secY (saci0574) was used for normalization (Reimann et al., 2013) . Quantification cycles (C q s) were determined with Bio-Rad CFX manager software and mean relative gene expression ratios including standard deviations were calculated using the 2(−ΔΔC t ) method (Livak & Schmittgen, 2001 ). the conserved boxC and boxD elements. C/D box sRNA maturation occurs independent of the genetic context and is proposed to utilize sequence-independent exoribonucleases whose primary role is mRNA ribolysis. An intact k-turn structure is crucial for C/D box sRNA stability and it is suggested that L7Ae binding to this structure or complete C/D box sRNP assembly protects the mature C/D box sRNA from exoribonuclease degradation. 
Figure legends
